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(54) METHOD FOR AMPLIFYING ATP IN CHAINLIKE MANNER AND METHOD FOR TESTING 
TRACE ATP USING THE AMPLIFICATION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new method for amplifying ATP in a chainlike manner, and 
a method for testing trace ATP by attaining sensitivity and accuracy of the measurement for 
bioluminescence using the method. 

SOLUTION: The first reaction which converts ATP to 2 molecules ofADP by reacting the ADP with an 
adenylate kinase in the presence of trace ATP and the second reaction which converts the 2 molecules 
of ADP to 2 molecules of ATP and polyphosphoric acid compound by reacting the 2 molecules of ADP 
with a polyphosphoric acid kinase in the presence of polyphosphoric acid compound are paired to form 
a reaction system. The paired reaction system is repeated plural times, and thereby, ATP is amplified at 
a factor of the power of 2 according to the number of the repetitions of the reaction. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Under the 1st reaction make AMP react with the adenylate kinase and dyad ADP is made to 
change into the bottom of existence of ATP of a minute amount, and existence of a polyphosphoric acid 
compound The 2nd reaction which this dyad ADP is made to react with a polyphosphoric acid kinase, 
and is made to change into dyad ATP and a polyphosphoric acid compound by repeating the system of 
reaction of a couple, and the system of reaction of nothing and this couple two or more times, and 
making them react How to make ATP characterized by making ATP amplify by the exponentiation of 2 
according to the count of a reaction amplify continuously. 

[Claim 2] Said polyphosphoric acid compound is the approach of being the polyphosphoric acid 
compound generated by chemosynthesis and making ATP according to claim 1 which comes to use that 
in which at least 10-100 phosphoric acids carried out the polymerization to the shape of a straight chain 
amplifying continuously. 

[Claim 3] Said polyphosphoric acid compound is the approach of being the polyphosphoric acid 
compound of the bacteria origin and making ATP according to claim 1 which comes to use that in which 
at least 10-1000 phosphoric acids carried out the polymerization to the shape of a straight chain 
amplifying continuously. 

[Claim 4] Said polyphosphoric acid compound is the approach of making ATP according to claim 3 
which it comes to biosynthesize from ATP amplifying continuously by the catalysis of polyphosphoric 
acid synthetic enzyme. 

[Claim 5] How to inspect ATP of ultralow volume by measuring the amount of luminescence which was 
made to amplify ATP of ultralow volume by the approach of making either of claim 1 to claims 4 
amplifying ATP of a publication continuously, was made to react with luciferase under existence of 
luciferin and dissolved oxygen, was made to generate AMP and luminescence, and was generated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] It is an approach to which the amount of ATP generate 
in the metabolic turnover and the biosynthesis system of animals and plants is make to increase 
continuously , is detect a bioluminescence using this approach , and since it can detect ATP of the 
ultralow volume which was not able to be detected conventionally , this invention detects the 
microorganism which is not visible at food works etc. , and can inspect cleanliness or it can apply it to 
measure the freshness of food , such as meat , a fresh fish , and vegetables . 
[0002] 

[Description of the Prior Art] ATP is the index of the live living thing. Therefore, health inspection of 
the microorganism which made light the index is conducted by presenting a bioluminescence with ATP 
of the microorganism origin. (For example, JP,6-34757,B, registration No. 191 1659) However, in the 
case of the microorganism of a minute amount, the bioluminescence originating in ATP is not fully 
performed. 

[0003] So, the technique characterized by what "a bioluminescence reaction is performed for in the 
approach of measuring the bioluminescence generated by luciferase under coexistence of a 
polyphosphoric acid compound or its salt, and a sulfhydryl compound" is indicated by JP,8-47399,A. 
Thereby, the new effectiveness of enhancement of a bioluminescence can be acquired and it is effective 
in measurement of a bioluminescence reaction being possible and a diffusion rate increasing by the 
activity of common RUMINO meter. 

[0004] However, the approach indicated by above-mentioned JP,8-47399,A is the technique of stability 
of a bioluminescence, and it has the fault which luminescence decreases with time as not the technique 
to which the amount of ATP is made to increase but ATP is consumed. 

[0005] Moreover, the assay of cyclic AMP by the bioluminescence method shown by the following 
reaction formulae is indicated by JP,9-234099,A. 
[Formula 1] 
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1M?'Jv2amp ► AMP 



AMP + ATP ► 2ADP 

Ms" 



ADP + *X*^/-^t>f>» ► t>t">R+ATP 

Mg 2 * 




<SJfc4> 

[0006] this approach - cyclic AMP — cyclic 3' and 5' - it hydrolyzes by - nucleotide phosphodiesterase 
and AMP is generated to the system of reaction — making (reaction 1) — under existence of ATP of 
magnesium ion and a minute amount, this AMP is made to react with the adenylate kinase, and it 
changes into ADP — making (reaction 2) — under existence of magnesium ion and phosphoenolpyruvic 
acid this ADP is made to react with a pyruvate kinase, and it changes into ATP and a pyruvic acid — 
making (reaction 3) — under existence of luciferin, magnesium ion (or other metal ions), and dissolved 
oxygen ATP is made to react with luciferase and luminescence is generated — making (reaction 4) — it is 
characterized by the approach (METHODS IN ENZYMOLOGY 38, 62-65; 1974) of carrying out the 
quantum of cyclic AMP by measuring the amount of luminescence generated at (the reaction 4). 
[0007] However, although this approach changes into ADP AMP changed from cyclic AMP and recycle 
of ATP is further performed by the reaction of a pyruvate kinase as ATP under existence of 
phosphoenolpyruvic acid in this ADP, the amount of ATP is not necessarily increasing. 
[0008] 

[Problem(s) to be Solved by the Invention] The above-mentioned conventional technique is detecting a 
bioluminescence using this approach, while inventing the approach to which the amount of ATP is made 
to increase continuously in a completely different viewpoint, and this invention makes it a technical 
technical problem to offer the approach of detecting ATP of the ultralow volume which was not able to 
be detected conventionally. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention of 
claim 1 under the 1 st reaction make AMP react with the adenylate kinase and dyad ADP is made to 
change into the bottom of existence of ATP of a minute amount, and existence of a polyphosphoric acid 
compound The 2nd reaction which this dyad ADP is made to react with a polyphosphoric acid kinase, 
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and is made to change into dyad ATP and a polyphosphoric acid compound by repeating the system of 
reaction of a couple, and the system of reaction of nothing and this couple two or more times, and 
making them react The technical means of making ATP amplify by the exponentiation of 2 according to 
the count of a reaction were provided. 

[0010] In the 1st reaction of the system of reaction, ATP and AMP react promptly and are changed into 
dyad ADP by the adenylate kinase (the 1st reaction). Subsequently, by the polyphosphoric acid kinase, 
this dyad ADP reacts with polyphosphoric acid, and is changed into dyad ATP and polyphosphoric acid 
(the 2nd reaction). And although it moves to the 2nd reaction of the system of reaction, at this time, said 
dyad ATP produced in the 1st system of reaction reacts with dyad AMP, and is changed into ADP of 
four molecules (the 1st reaction). Subsequently, by the polyphosphoric acid kinase, ADP of these four 
molecules reacts with polyphosphoric acid, and is changed into ATP of four molecules, and 
polyphosphoric acid (the 2nd reaction). Hereafter, ATP increases by being repeated two or more times 
with the 3rd time of the system of reaction, the 4th time of the system of reaction, and 5th time - of the 
system of reaction. ATP of the minute amount added to the 1st time of the system of reaction becomes a 
trigger, and henceforth, it happens continuously, as long as AMP and polyphosphoric acid exist, it will 
continue for a long time, and according to the count of a reaction of the system of reaction, ATP will 
increase this reaction by the exponentiation of 2. 

[001 1] Moreover, said polyphosphoric acid compound is a polyphosphoric acid compound generated by 
chemosynthesis, and is good to use that in which at least 10-100 phosphoric acids carried out the 
polymerization to the shape of a straight chain. A polyphosphoric acid compound (PolyPn) is that with 
which n phosphoric acids were connected, and in invention of claim 2, since at least 10-100 phosphoric 
acids (MI3P) are connected in 1 molecule of a polyphosphoric acid compound, conversion to ATP from 
ADP in the 2nd reaction of claim 1 is performed easily, and makeup of the phosphoric acid at the time 
of reproducing ATP becomes little, and becomes economical. Moreover, the reaction time of the system 
of reaction continues with many phosphoric acids. [0012] Furthermore, said polyphosphoric acid 
compound is a polyphosphoric acid compound of the bacteria origin, and is good to use that in which at 
least 10-1000 phosphoric acids carried out the polymerization to the shape of a straight chain. In 
invention of claim 3, since at least 10-1000 phosphoric acids (MI3P) are connected in 1 molecule of a 
polyphosphoric acid compound, it is carried out still more easily, and makeup of a phosphoric acid 
becomes little and the conversion to ATP from ADP becomes economical. Moreover, the reaction time 
of the system of reaction carries out long duration continuation with many phosphoric acids. 
[0013] And if said polyphosphoric acid compound is biosynthesized from ATP by the catalysis of 
polyphosphoric acid synthetic enzyme, it will improve the yield of a polyphosphoric acid compound and 
will become possible [ generating a polyphosphoric acid compound cheaply ]. [0014] If the amount of 
luminescence which was made to amplify ATP of ultralow volume by the approach of making ATP 
amplifying continuously, was made to react with luciferase under existence of luciferin and dissolved 
oxygen, was made to generate AMP and luminescence, and was generated is measured, since the 
quantity of light equivalent to ATP of the part which increased will be obtained, ATP of the ultralow 
volume which was not able to be detected conventionally can be detected. Theoretically, ATP of the 
monad which exists in the first system of reaction is also detectable. [0015] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained. The theoretical 
reaction formula of this invention is shown below. 
[Formula 2] 
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I" AMP + ATP — ► 2ADP«i<dric ( 15t , 

s«*itSB L 2 ADP+polyP o " K 2ATP + polyP 5 kwelk 

I 1 

r AD K 

2AMP + 2ATP ->4ADP *^o>B^z 

l 4 App + p piyg m 4 ATP + polyP^ « 2<Dfi *... (4st) 



amp T5V*»-y>ai 

ADP 7r/'/>Zij>| 

ATP 7r/i^>zy>ai 



[0016] The adenylate kinase (ADK) used as the catalyst of a reaction is an enzyme which produces dyad 
adenosine diphosphate (ADP), when adenosine monophosphate (AMP) and an adenosine triphosphate 
(ATP) are made to react. Moreover, a polyphosphoric acid kinase (PPK) is an enzyme which ADP and 
polyphosphoric acid (PolyP) are made to react and is changed into ATP and polyphosphoric acid 
(PolyPn-2). 

[0017] Under the 1st reaction (one formula) make AMP react with the adenylate kinase and dyad ADP 
is made to change into the bottom of existence of ATP of a minute amount in this invention, and 
existence of a polyphosphoric acid compound By repeating the system of reaction of a couple, and the 
system of reaction of nothing and this couple two or more times, and performing the 2nd reaction (two 
formulas) which this dyad ADP is made to react with a polyphosphoric acid kinase, and is made to 
change into dyad ATP and a polyphosphoric acid compound ATP is made to amplify by the 
exponentiation of 2 according to the count of a reaction. 

[0018] Thereby, in the 1st reaction of the system of reaction, ATP and AMP react promptly and are 
changed into dyad ADP by the adenylate kinase (formula 1). Subsequently, by the polyphosphoric acid 
kinase, this dyad ADP reacts with polyphosphoric acid, and is changed into dyad ATP and 
polyphosphoric acid (formula 2). And although it moves to the 2nd reaction of the system of reaction, at 
this time, said dyad ATP produced in the 1st system of reaction reacts with dyad AMP, and is changed 
into ADP of four molecules (formula 3). Subsequently, by the polyphosphoric acid kinase, ADP of these 
four molecules reacts with polyphosphoric acid, and is changed into ATP of four molecules, and 
polyphosphoric acid (formula 4). Hereafter, ATP increases by being repeated two or more times with the 
3rd time of the system of reaction, the 4th time of the system of reaction, and 5th time — of the system of 
reaction. ATP of the minute amount added to the 1st time of the system of reaction becomes a trigger, 
and henceforth, it happens continuously, as long as AMP and polyphosphoric acid exist, it will continue 
for a long time, and according to the count of a reaction of the system of reaction, ATP will increase this 
reaction by the exponentiation of 2. 

[0019] As for the polyphosphoric acid by which polyphosphoric acid (PolyP) is that with which n 
phosphoric acids were connected, for example, chemosynthesis was carried out, about 100 phosphoric 
acids are connected. Moreover, a phosphoric acid with 1000 near things taken out from bacteria is 
connected. 

[0020] For example, the polyphosphoric acid compound (PolyPn) used by this invention is expressed by 
the following structure expressions. Here, the range of (PolyPn) of 10<=n<=1000 is desirable. 
[Formula 3] 




[0021] Said polyphosphoric acid compound is a polyphosphoric acid compound of the bacteria origin, 
and since at least 10-1000 phosphoric acids (MI3P) are carrying out the polymerization, its reactivity 
improves. 

[0022] If biosynthesized from ATP by the catalysis of polyphosphoric acid synthetic enzyme, the yield 
of a polyphosphoric acid compound will be improved and it will become possible to generate a 
polyphosphoric acid compound cheaply. For example, as shown in the following reaction formulae, a 
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polyphosphoric acid compound is biosynthesized from ATP. 
[Formula 4] 




(ATP) 



[0023] The biosynthesis of the polyphosphoric acid compound by the above-mentioned reaction formula 
should just use the manufacture approach of the conventional polyphosphoric acid indicated by JP,5- 
153993, A etc. With this operation gestalt, metal ions, such as magnesium aiming at deactivation control 
of polyphosphoric acid synthetic enzyme, ATP, and an enzyme, are made to react by making 
polyphosphoric acid synthetic enzyme into a catalyst, and a polyphosphoric acid compound is 
biosynthesized. The polyphosphoric acid synthetic enzyme used for this operation gestalt just 
biosynthesizes polyphosphoric acid synthetic enzyme. [0024] About the connective magnification 
reaction of ATP, even if this invention persons used creatine kinase and creatine phosphate instead of 
polyphosphoric acid and a polyphosphoric acid kinase, they checked that a reaction occurred. That is, if 
it is the phosphoric-acid compound and enzyme which can change dyad ADP into dyad ATP, ATP will 
be theoretically considered with making a magnification reaction cause continuously. However, since 
polyphosphoric acid has the capacity which compounds much ATP by the monad by combining with a 
polyphosphoric acid kinase, it is advantageous to the magnification reaction of ATP which occurs 
continuously. 
[0025] 

[Example 1] In order to compare the conditions to which ATP was made to react by additive-free with 
the conditions to which added and ATP was made to react, a change of luminescence with time was 
investigated on the following conditions. 



(D) TT r /-»lU>H (AMP) 7.5m 1 
(A) 3mM2t?U U>K 22.5m 1 

(-) #UU 15m 1 

(#> y^u-h^-v 3m i 

(/\) g§@7jc 17m 1 

75m 1 

The above-mentioned (**) - (passing) a sample were mixed, it sampled for every measuring time 
(5microl), and ATP capacity was measured with the Boehringer Mannheim ATP measurement kit. 
[0027] 
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Of ) #U y 10 m 1 
(D) 75V>'>1U>» (AMP) 7.5/il 

(A) 3mM aJ?UU>» 22.5m 1 

(-) #u U >ffi^-1f 15m 1 

(*0 rr^HI+t^ 3/i 1 

1.65mM ATP 5m 1 

(M *«* 12m 1 



75m 1 

** The sample of the above-mentioned (**) - (**) was mixed similarly, it sampled for every measuring 
time (Smicrol), and ATP capacity was measured with the Boehringer Mannheim ATP measurement kit. 
[0028] The result of the above-mentioned ** and the result of ** are shown in drawing 2. When it adds 
and ATP is made to react from this result (reaction **), the amount of ATP rises rapidly from 30 
minutes after a reaction, and a peak is reached after 180-minute progress. On the other hand, when it is 
made to react by ATP additive-free (reaction **), the amount of ATP does not increase, and while it has 
been low level, it changes. Therefore, in this invention, it turns out that it became a trigger to have added 
the minute amount ATP and the connective increment in ATP took place. Therefore, it is possible for 
ATP of few amounts to also make the amount of ATP increase, to be able to detect it with sufficient 
sensibility, and it to improve the precision of food evaluation and health inspection. Moreover, ATP is 
detectable in easy cheap and RUMINO meter. 
[0029] 

[Effect of the Invention] Under the 1st reaction according to this invention make AMP react with the 
adenylate kinase and dyad ADP is made to change into the bottom of existence of ATP of a minute 
amount as mentioned above, and existence of a polyphosphoric acid compound The 2nd reaction which 
this dyad ADP is made to react with a polyphosphoric acid kinase, and is made to change into dyad ATP 
and a polyphosphoric acid compound by repeating the system of reaction of a couple, and the system of 
reaction of nothing and this couple two or more times, and making them react Since ATP is made to 
amplify by the exponentiation of 2 according to the count of a reaction, ATP of the minute amount 
added to the 1 st time of the system of reaction becomes a trigger, and the increment in ATP takes place 
continuously henceforth. And the connective increment in ATP will be continued for a long time, as 
long as AMP and polyphosphoric acid exist, and according to the count of a reaction of the system of 
reaction, ATP will increase by the exponentiation of 2. Then, if ATP which increased is detected by the 
bioluminescence, enhancement of the huge quantity of light will take place compared with ATP of the 
minute amount added to the 1 st time of the system of reaction. 

[0030] In case polyphosphoric acid and ADP are made to react and ATP is compounded, it becomes 
possible to make ATP increase continuously. Thereby, while acquiring the enhancing effect of the 
quantity of light of a bioluminescence, luminescence time amount can be made to maintain. 
[0031] Moreover, said polyphosphoric acid compound is a polyphosphoric acid compound generated by 
chemosynthesis, and is good to use that in which at least 10-100 phosphoric acids carried out the 
polymerization to the shape of a straight chain. Thereby, since at least 10-100 phosphoric acids (MI3P) 
are contained in 1 molecule of a polyphosphoric acid compound, continuous conversion to ATP from 
ADP is performed easily. 

[0032] And said polyphosphoric acid compound will be a polyphosphoric acid compound of the bacteria 
origin, and if that in which at least 10-1000 phosphides carried out the polymerization to the shape of a 
straight chain is used, conversion to ATP from ADP is performed still more easily, makeup of a 
phosphoric acid will become little and it will become economical. Moreover, the reaction time of the 
system of reaction carries out long duration continuation with many phosphoric acids. 
[0033] Furthermore, if said polyphosphoric acid compound is biosynthesized from ATP by the catalysis 
of polyphosphoric acid synthetic enzyme, it will improve the yield of a polyphosphoric acid compound 
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and will become possible [ generating a polyphosphoric acid compound cheaply ]. [0034] If the amount 
of luminescence which was made to amplify ATP of ultralow volume by the approach of making ATP 
amplifying continuously, was made to react with luciferase under existence of luciferin and dissolved 
oxygen, was made to generate AMP and luminescence, and was generated is measured Since the 
quantity of light equivalent to ATP of the part which increased is obtained, ATP of the ultralow volume 
which was not able to be detected conventionally can be detected now, for example, it can detect with 
the brightness of 1000 times or more as compared with an approach without magnification of ATP, and 
the sensibility and precision of measurement of a bioluminescence improve exceptionally. 
[0035] Moreover, since magnification of ATP takes place, by the conventional approach, ATP of the 
ultralow volume which was not able to be detected is detectable with this invention. Therefore, the 
microorganism which is not visible at food works etc. is detected, and cleanliness can be inspected or it 
can apply to measuring the freshness of food, such as meat, a fresh fish, and vegetables. Thus, it applies 
to the health administration by detection of a minute amount harmful microorganism, and also ATP is 
produced or it can apply to inspection of a general biochemical reaction which consumes ATP. 
Moreover, the application to the scientific criminal investigation which changes to a luminol reaction is 
also considered by detecting ATP. Moreover, it is applicable to synthetic production of ATP etc. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing which compared the case where added and the case where ATP is made to 
react by additive-free in the connective magnification reaction of ATP, and ATP were made to react. 
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►rawing 1 
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t*^ ^ & &c % An n a xi# a £ r a cc m*. ft ^ ffitft®!* tft 
fflbr»*s:*«aEofco. «Mt »aEft^«a 

[0 00 2 ] 

[S»OS«] ATPtt£*fc£»©J§«^**. ^ 
6-34757, &mWr 19116 59^ ) U#>0> 

a«<DS^®©»£fcttA T P K^TSSHUBtW- 

[0 00 4] 0#>0ft**6. Jhfa4$§B¥&-47399fCBB^ 
*J»«3fe<I>S3e©S«^*^r, ATP 

[0 00 5 ] Sft:, «FH3ji9u23409«K:tt,JaT©5iS 

?s s ft z^^ytmc ctsf-f^'j^AMPos 
Mfcl] 



(3) 

3 

•*<(0*)V0AMP . fr. AMP 

(BUS i) 



f*H 2 0 0 1 2 9 9 3 9 0 

A 



AMP H- ATP ^ 2ADP 

CKJ62) 



ADP + ***i/HM:"*f>B& * b"JUf>K + ATP 



ATP 



AMP + t 




[0 00 6 ] COTSTffitt, f^^yv^AMPW^- 
y*^3' ,5' -2^U^=r-F*X*^xX7^-iz 
-CjJDTkfl* OrSJS^ft AMP L,#3- (JSjS 
1) ^*^"5A-ftf>, te^ATPOfffiT 

RAMP*7f-U- h+^-^iKJES^TAD 30 
Pte^gM*0&& (JEj£2) A 
X *x ^ tMU t' >^CD#ffiTr , ft A D P £ bVl< 

tf£KJ&S-i*r\ ATPSO*tvutr>®cc 

§£gri±btf>£ (SfS3) <fc, JUS/?* y>, 

A * > (Xteflfc^B -f * > ) ROf^^OffiSET 

r\ ATP^;i/^^^^-4fiJSJS$i±^7 , G^^#b 
-t&tbK&WJ 2 V v ^AMP4£tfS^a (ME 

THOOS IN ENZYM0L0GY 38 , 62-65 ; 1974) £'#it<h Ut^ 

& a 40 

AMP^b^i^n/cAMP^:, ADP(CgiU, $6 

>K*^ --fe'Q&JSte <fc DATPiirATPO'Jt 

[0 00 8] 



[0 00 9] 

afc*Sl©»5Btt. 8afiCDATPCD"??SETCC s AMP ^ 

Tf^u- h^^-— fe*<tSj£^#r 2^©AD P&Cg; 

^L&zm i osi^i, # «; y >i-ft^tcDS6T 
r\ S2»?©ADP6#y y>BM^-H£<!:KJ£Si± 
t2^©ATP4#y y>«-ft-ft*cca*-&b«)&» 

i£0r 2 CD^^^r A TP Srtiifl$#$ v 

[0 0 10]SjSl©l§|(DSJS(£:^t ( 7f^U 
- h*^-Hzte<fc^T ATPiAMPi^iSfefcJgK: 
0, 25H 1 OADP«:^RStia (» 1 CDJ£j£) „ 

r\ ft2^0ADPtt#'j y tfjcfc^rsi* 
yy>»£Kisu 2»r-<DATPi#y y>a«c^3fe 
£ti3 (SS2<D£j£) . fir fxJS3g©2ig@oDSJ^ 
c<D<fc* % ra£*lHaT*i;fct5fE2^ 
<DATP#2^©AMP£KJSU 4^7-<DADP(C 
(JTl<DSJ£) . ^r\ t4^}-T-(DADP 

tt?py o^t-^a-^rfu y>i«iSjSL. 4 

5-t /-OA T P £ * y y $ tl & ( » 2 <DU 

fS) , HIT, J5DSS<oniniri, 5^(04 011 jgjgsg 



C4) ^2001 2993 9 0 

5 5 
©5HS-ilBWa«0i8StiiCi«:J:»)ATP#it *Wc a P) W<H10M00O 

jnrs. c©sje». ^©lGaawstoTsiSfl© fflo^-a,>s©r. ADP ^ ATP ^J!;*^ 

J-m aiBWKigcO. AMP fcKSJBKfTtoft. 'J ^moM^'PUtT* 

5 [00131-eut, mrsad< ') 'J >ffit&WMZ. * y y 

[0 0 11] *E#y U >SMfc£*tt. tt^fiS >«6«»0«iffJiKJ:9. ATP*64^n 

(,»*£J:«,» #y«;>BMfc^W (FbiyP. > ittnffl© io [0 0 14] ATP *WWWcHMHS*a*««:J:D« 
ij ^oW^fcWC. i«^2©^-c». * y «£i©A T P *. * y >S»© 

y>Wh^ft©ifl^*«:y>« (M' a p) »*rFC*5/7*7-tfiSJS3-tt-rAMPac«B** 
Hio-io oiow,ti^©t, urai©® syStfu*. &aofcfS3fca*««W-ii. iifflufc^ 

ZOSlSKiJtJSADPfrfeATP'vflJSHftWSSKfi' ©ATPK«S-r**B#»&*i3fc». ft***"?* 
toti ATP £B£ T 5 WD 'J >«<OW&*y>H t & 0 ft* o fcffi*S&S© A T P *S«fc5fc&S.J8S 

h$ih#*bw-*. m-c**fe©^*s„ 
[ooi2] tm# y y >^t^«. ^*?^ c o o 1 5 ] 

y TS3fe©^y y vMffc^ttC* ^ < i 1 0 C»?8<l«at<03B«] *»>«<0*J6©JB»**WJ"4. 

~ 1 0 0 0 mo y >iwwa«t?Ka^ofcfeo%^> 5 20 en r Jc*«w©ai»wttE^*>tf*". 

rAMP + ATP-^* K 2ADPni<Ds>B — d*> 

ejcsihb ^ADP+polyp/^ATP + polyP^ atzosa tun 

[~2AMP + 2ATP*— M ADP s -ose 

Ksaasa L4ADP + poIyP n . z r i?4ATP + poIyP < ' 
1 ' 

S 5 amp 7f;^-'J>n 

S S atp 7?s»±')sa 

CO 0 1 R ] glofl»«i&6Tf."-U" W- •« 30 tSSkSixi> (5£2) . Sl&fi©2HB«3SlCK 
(ADK)tt 7 fyv>-y>l(AMP)iT^ C©i*> SlS^ lHBr§Dfc«B2ft?0 

i/>=y>« (ATP) i*SJSSttfci*. 2^© ATP^2^F(OAMPi^t, 4WADPKSE 

rf/-»r';>i(ADP)%£D3^i-i^. tftsna (S3) . ^»-c. R4*H-©ADP»#y y 
$fc (PPK) t*. ADPixH'J >n*i-~ tf«c«fco-rxK>; y>W£5J£U 4#+©a 

y ( poiyp) at p t # y y >m ( p t p t * y y >st^^§ ns (*4 ) . bit. sksk 

[0017] *^«, SH© AT P«DSffFK. A tSQiEStiSC £KJ:9ATP*H«MJirrS. C©SJ£ 

p K^jft-a- b©s® i ©sa& ( i a) t. * 'J ') >«ffc * 9 - »«w<ciiic d . amp i # y y 

^jossrc, i2^©ADP^*'')y>s*t- 40 &rz>m*)mm®mv, m&<Dm@mmox 2 
^•iKe^T2 #t© a t p i # y y >BMfc£*j«e« ©^s*? a t patftwirr sci tea 5. 
!*e u » s* 2 ©sts ( 2 5S> t *-»©6as3ft i & ( 0 0 1 9 ] # y y ( poi yp> & « n ®<o y >Hfcw 

rj ^©Kf£ag»KjB0-C2©'<**-PATP*«WaS Bl 0 0«8£©'; >8WSott#ofc*0-C*4. $ 

[0018] ClliC <t 0 . tztt'Si© 1 0@©Slt^Cfct^ >®*S-3ft*S-afcfc©t?*4. 

•C. 7 f-u-F + t-«a^ATPiAMPi*s [0 020]Mill ^^fflt^tlS* 'J 'J >M(b 

DT^cSloL 2»-F©ADP«C5(efe3n5 (SI). #f«) (POlvPh) tt. «T©*«Cj;-,T&$nS« C 

-oj< ' j y >K4jRis l , 2 cf/-f-© atp i >k y y >a?5c sn t k 



(5) 



^ •^i^S^ 



[0021] ■/ y ^e&ffctvisj:*. r y VFh* 
o^y y>»ffc;fi$rc*o"s\ ^< i o - i oo 

[ 0 0 2 2 ] * y .; >K^S»3R<DftBKfPJl}c Jt 0 , A 
«T^J5jS^c*TJ:o^^y y >BMt 

[ftM : 

- o- n." cT 9- 



His. t 



I 1 



(ATP) 



2n 



[0 0 2 3 ] hSrigcEsSfc J; £ * y y ^mn^oy^ 

jb*cm\ #y y^n^jSiBRSlSjatiur, #yy> 

^^smt^o $«s»tffl^ns*' y y 
jtOHRHtf y y <><3DT?*ti 30 

[0 0 2 4] AT POa»«*BffiSf£«: 

-^~c # y y >bercm* y y >s^=^— ^©f**>o cc 
# u r 5*- > — fe'&tf^ ut * > y irfe 

P £ 2^5-T-OA T P KSSft-y 5 C ico-c^ s y >K-ffc-& 
«Ji B3R"C*tiH, JSffiWtctt A T P £*«fi*jK:fMBJK 

^cDATPS^jarsffi^Asor, aswurec 40 

& A T P (DlflBS)£«:*5pjT* -2> . 
[0 02 5] 

[SHftM 1 ] A T P*jftaR3!lD-CSJSS i*/c*fi=i , A T 
P^^nor5j£$.#/c^#<h^i:l^t-^fc^), WTO 

[0 02 6] 



4$H 20 0 1 299390 
.8 

0 A T P j§2 tffcffiS' 

(rf) *uy>«+t- (ffBfftt ioa 1 

(D) 7r/y>l U >W. (AMP) 7.5^1 
(A) 3mM*U'J.>B 22,5a 1 

(— ) ^tjfl >M^-if 15 a i 

(*) T^P—h^— i£ 3 a 1 

(^) US* 17^ 1 

-B-tf 75 a 1 

>Z?VZs# (5M 1 ) &tTl\ ^'J>i7-7>/WA 
ti©A T PSJS* ? h £C ± 0 , AT PSHAWS L/ 

[0 02 7] 

®at p«jmrs«**fc»& 
«) #U U>M*^— BWH* ioa l 

(n) 75V (AMP) 7.5a ? 

(A) 3 mil U>R 22.5a 1 

(-) spy U >Sfc^— g 15 a 1 

(*) T5rn;^^^— ^ 3 a 1 

(^) 1.65ttM ATP 5a 1 

( h) 12a 1 

75 a 1 

Kact^*>yy>^ cs^ n ^.-y>^- 

v>/WA^©ATP9J5&** RCJ:?K ATPil 

[0 0 2 8 ] ±E0<aM6»ROt©®IS»*ia 2 CcST. 
C©«aS30>6, ATP*«JnbTiSJSSi±fc*i^ (SJS 
©) , JSiS«3 0^6ATPa^SL«CC±*b, 1 8 

^D^CJSiS^ii/cii^ (SJ^©) v ATPfi3WltJnr5 

«aATP*«Bjno3ftc:i*s?i*^iaor, at 

^^fi^ATPT^ATPM^i'Sftl^tt^gJ: < 

^a^ATP^fflt^Ci^^ 
[0 0 2 9 ] 

S#T2^tOADP(C^3fe-l±0*S*lCDJSj£<b, 

y y >K-f fc^BffOffffiT-c. it 2 ^cda p p ^ # y y 

>»*t-fe'i ®£S -St 2 ^©A T P i rjf J y 

^(Dfrfcmmtifcbx 2 o^tmx* at p&m 

^&&<DX\ 1 iPlgtcasSui-^STrtWATP 

-a . « l r , atp (omstfimn tt, a m p t ^ y y > 



D-c2©-H#^-rATP*5if»ars?:ifc^s 0 t© 
JtJJDU/cATP^^^-e^m-TSi, sjssi© 

[0 0 3 0 ] jF'J >}^mtADPtiffib$-&-CA7P 
*-&f$&Z>n, JB3^KATP£«jto3-S5Ci#prt8 

[0 0 3 1 ] fliflH^'J 'J >BMt^fttt, 
ct<fc9£j53ftfc*-y y>»fb^«rc*r>r. 4>&< £ 

1 0~ 1 0 Offl©'J >K*®SS^Kfi^bfc«>©=6« 

ctiKjco, *"y vymtGWoifttt 

«c y >K (M 1 a P ) *^ft < <t 1 0 ~ 1 0 0 ffi^S 
tlTOS©"?. AD P*?. ATP^IiK&aMg 

[oo32]^it, fria*" y y >m\t^mt. 
yys*©*'y y^m^w-e&o-c, 4- N &< tfe 1 0 

~ 1 o o o y X tW**«KttK*^ c *>© 

la, y^SJOS^^at&Og^FWitt*. $fc, ^ 

is© y >ik x r>mw-m<D^mm^&^mm-r 
[0 03 3] ^etc, mm* y y >K^t^jw. y y 



§12 00 1 2 9 9 3 9 0 
10 

* £*gl££»c£J?£-r SCi JfinJflZ £.taZ. 

[ 0 0 3 4 ] A T P *Miafiw:«MB3***tt«: <t 0 * 
$cM©AT P%i£*§3H±. ^v"? ^ 'J >».£>*?§#^5R© 
ffaTt?*^*^— tfiS(631±r AMPSC«S3ft* 

©ATP(cffl^^-5^a^#e>nsfcfe, sea^m-et 

JSC * -3 ft«&3© A T P #t££H-C * 4 <fc 5 K ft "3 . fix. 
tf N ATP ^M«fl!t>ftlf»*ffiiJt«ly-CaflOOl»JeU: 

©bj * $ T-^tB^g- sctKfto. ^wwcoawe©* 

[0 03 5 ] Sfc, *^BJ-CBATP©itfe*seci-5»fc 

Djffi«t«mor»»s**aEb?to. Art, if 

fcjfcJB-TSflk ATP^fS, »SW1 ATPtS 
*T S «fc 5 tt-«Wfc£^KlS©&3E«: *>JSffi-C# 
6„ ifc. ATP**Wi"4Ci«:j:o'C, 

fc, ATP t*«c felSfflT SCi *5f # & . 

[|2ffi©M^^cl^] 

[01] ATP ODjetftflWMBSlESK* «ATP 
JD-CfilS 3 1 A T P fcaSflO L-TStiS 3 -£fcil£ 



[M 1 3 
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